Protein post-translational modification analyses using on-chip immunoprobed isoelectric focusing.
Post-translational modifications play a critical role in regulating protein function. Increasingly, determination of protein identity, estimation of abundance, and characterization of post-translational modifications are required for analysis of protein-mediated cell signaling networks. As such, we report an integrated and rapid multispectral immunoprobed isoelectric focusing technique for identifying specific proteins bearing post-translational modifications. Immunoprobed isoelectric focusing is composed of isoelectric focusing in a large pore-size polyacrylamide gel to determine protein pI followed by immobilization of pI-resolved proteins. Proteins are immobilized via covalent attachment to a channel-filling benzophenone-functionalized polyacrylamide gel via brief UV exposure (photoblot), followed by multispectral antibody-based detection. The assay correlates observed post-translational modifications to pI shifts relative to the unmodified protein of interest. During the electrokinetically driven antibody probing stage, we observed nonuniform electrophoretic probe mobility along the channel axis. The spatially varying mobility is attributed to nonuniform charge arising from covalent attachment of ampholytes to the benzophenone-functionalized gel matrix during the photoblotting step. Using the multistep microfluidic assay, phosphorylated and acetylated forms of heat shock protein 27 and superoxide dismutase 2 were detected, respectively. The assay reported protein isoforms in immune-purified sample and raw cell lysate in 2 hours with sample volume requirements of 2 μL. This new assay is well-matched to systems biology frameworks for study of protein post-translational modifications.